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ABSTRACT. The influence of Mn ions and aloe vera gel content on properties of the series of glasses 

prepared based on the popular 45S5 bioglass were tested, using DSC, SEM and XRD techniques as well as 

IR and Raman spectroscopy. In the sol-gel technique, citric acid was used as a catalyst instead of nitric acid 

to obtain the glasses. The bioactivity of the glasses was confirmed by immersion in Simulated Body Fluid 

(SBF): Mn ions presence enhances glasses bioactivity. The results show the content of aloe vera extract has 

a crucial role in the growth of the phosphate and silicon compounds. 
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Introduction 

By replacing traditional chemical reagents with plant-derived materials, it is possible to avoid environmental 

burdens related to the production of chemicals and the risks posed by incomplete utilization of waste from 

chemical reactions. Even with great care, it is impossible to avoid all possible risks, not to mention the costs 

associated with reducing them. Therefore, an alternative solution is to use a plant extract instead of some 

toxic chemicals, which sometimes has an additional advantage leading to better product properties. Here, 

we present the ‘greener’ aspect of the preparation of bioglasses for the bone tissue regeneration process  

[1-2]. The effect of aloe vera extract addition on the properties of the bioglasses was tested, as it could 

provide further health benefits during bone recovery. 

Material and Methods 

Materials 

99% Aloe vera gel, calcium chloride, calcium nitrate tetrahydrate, citric acid, dipotassium phosphate, 

hydrochloric acid, magnesium chloride, manganese (II) chloride tetrahydrate, manganese (II) nitrate hydrate, 

sodium bicarbonate, sodium chloride, sodium nitrate, sodium sulfate, potassium chloride, tetraethyl 

orthosilicate (TEOS), triethyl phosphate (TEP) and tris(hydroxymethyl)aminomethane (TRIS) were used. 

All the reagents were analytically pure (except the aloe vera gel, which was purchased from Holika-Holika).  

Synthesis of glasses 

The synthesis of bioactive glass was in line with the Faure method [3]. The molar composition of the glasses 

and the used Mn dopant are shown in table 1. After synthesis, the bioactive glass was left to 

polycondensation for 2 days. Then the samples were heated to 60°C for 12 hours and after that kept in a 

muffled furnace at 200°C for 5 hours and then at 600°C for 2 hours.  

Table 1. The molar composition of prepared bioactive glasses. 

Label SiO2 Na2O CaO P2O5 MnO 

Base glass 45.0 24.5 24.5 6.0 0.0 

0,2% Mn 45.0 24.4 24.4 6.0 0.2 

0,4% Mn 45.0 24.3 24.3 6.0 0.4 

0,7% Mn 45.0 24.15 24.15 6.0 0.7 

1,0% Mn 45.0 24.0 24.0 6.0 1.0 
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Glasses with aloe vera extract 

The volume of 5-30% aloe vera gel was added to the glasses with 0.2% Mn in the final state of synthesis of 

the glasses – samples with 25% of aloe vera have the most promising properties, which was confirmed by 

the SEM and XRD analysis. 

SBF preparation and in vitro experiments setup 

In vitro test was carried out in artificial plasma. In the beginning, the synthesized samples were compressed 

into tablets with a diameter of 1 cm. All necessary substances and quantities have been added in the order 

given in Table 2, pH of SBF was controlled to be 7.4. The immersion was carried out in a water bath at 

36.6°C for 1, 3, 7, and 14 days. After immersion, the bioactive glasses were dried and weighed and the pH 

of simulated body fluid was measured [4].   

Table 2 SBF components required for 500 mL solution. 

Chemical reagent Amount of substance 

NaCl 4.018 g 

NaHCO3 0.176 g 

KCl 0.1125g 

K2HPO4 0.155 g 

MgCl2* 4H2O 0.1555 g 

1.0 M HCl 20 mL 

CaCl2 0.1465 g 

Na2SO4 0.036 g 

TRIS 3.0315 g 

Results and Discussion 

As was shown by SEM results, the base glass has the densest surface. The addition of Mn causes an increase 

in porosity of the materials – the more Mn content, the more porous the sample becomes. A similar effect 

was obtained when aloe vera extract was used – the process is faster (even for a small amount of Mn, the 

surface of the glass shows high porosity) than in the absence of aloe vera.  

From IR and Raman spectra it was concluded that around 1100-900 cm-1 there are vibrations of Si-O-Si in 

silica and in the range 620-570 cm-1 there are vibrations of phosphate. No Mn ions vibrations in IR spectra 

were found for studied glasses due to the presence of silica vibrations – hence the valence of manganese 

ions cannot be determined based on the IR spectra. Raman spectra revealed that aloe vera changes the 

bonding of the glass matrix with manganese ions, making them ‘visible’ in the region below 750 cm-1. After 

immersion in SBF, the peak at 1084 cm-1 is shown as a result of the forming of bonding oxygen atoms of 

silica compounds, on the other hand, the presence of aloe vera supports rather a growth of phosphate 

compounds, especially for greater content of Mn ions. The IR spectra confirm the presence of HA and HAC 

characteristic vibrations: P-O of phosphate around 600 cm-1, C-O of carbonate in HAC around 1400 cm-1 

and 900 cm-1 [3,5-7]. 

DSC measurements showed that glass transitions for studied glasses are in the range from ~525 to ~540°C 

(onset values) – the more Mn ions, the lower Tg. The value of Tg for base glass is in accordance with the 
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literature [8]. It was found that for the samples, there were XRD peaks for CaSiO3 or Na2CaSiO6 (2theta=29°) 

for the base glass and peaks for SiO2 (2theta=33°) for the samples with Mn ions. 

Immersion in SBF confirms degradation (from 5 to 50% of mass) of the samples in artificial plasma in the 

initial stage: after three days pH increased above the initial pH and the masses of the samples were almost 

constant (differing up to about 5%), which can be explained as the exchange of Ca2+ and Na+ to H+ [9] and 

formation of new material – probably a creation of hydroxyapatite (HA). The final pH after 14 days was 

slightly alkaline (above 7.8). 

After immersion in SBF, bioactive glasses exhibit the presence of new material. It can be seen from the 

obtained spectra that all samples of bioactive glasses have a peak at 2theta=32° for HA or hydroxyapatite 

carbonate (HAC) and other characteristic peaks for HA/HAC at 2theta=24°, 26°, 46°, and 49° [10]. The 

intensity of the peaks does not depend on the amount of dopant. The addition of aloe vera gel accelerates 

the formation of the apatite layer. 

 

Fig. 1 XRD for bioglasses with 25% of aloe vera gel and different content of manganese ions after 

immersion in artificial plasma.  

Conclusions 

Our studies have shown that citric acid can be used in an effective way as a catalyst for producing bioactive 

sol-gel glasses. XRD, Raman, and FT-IR confirm that all the glasses exhibit bioactivity as it was shown by 

the formation of HA (and in some cases HAC) on the surface of the material. Aloe vera gel improves the 

porosity of the materials and the growth of HA/HAC, even if the Mn content is low. The amount of the aloe 

vera extract in the presence of Mn dopant plays a crucial role in favouring the growth of phosphate/silicon 

compound layers. 
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